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[ASH 



[S**W 1] 




#7j ^HH, R 1 , R 2 , R 3 ^ Q ^ tg^A^l h].<4 ^t\. 
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*H^°<^, ^ <£x\)1%n^ ^&1 H o V ^ ^ ^o) £ ^^ S Aio) {(l- 

Phosphonomethoxy-2-Alkylcyclopropyl )Methyl Nucleoside Derivatives, Method of 
Preparation Thereof, Method of Resolution and Separation for Stereoisomers 
thereof and Use of Anti-viral thereof} 

oViEflefl^.o>ol^T^( d i astereoisomer ) ^ <a°Jl^^.i>|(enantiomer))l- ^§-.2. 
<2> 1] 
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OR 3 



#7) 

R 2 £ R 3 AA ^^SLbL ^it uf^T^, ^^1(^-^1, Ci-C 4 - 

€ Ci-Ci-^r^-a: M-eH];^, C 2 -C 7 -^ ( C 6 -C 12 -o>l SE^r ^mslTlM- «]^«-^ 9} 
wKE.«a-S: q-EfvflTm, -(CH 2 )m-0C(=0)-R 4 # H-eMM , o) 7 H m ^ nfl^l 12a) 3 

^oTjt, r 4 ^ C1-C12-M, Cz-Cy-^r^l^, C i-C 5 -<iH^l, d-Cy-^oH^, ^(d-C 

€ 1 iE^r 27fl2] 3.^Kr 3 ifl*l 6^ «1lEflS.A>ol^ uj-EHH, 
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<8> 




.X 4 





0 0 



<9> 7] ofl 

<I0> X 1 , X 2 , X 3 ^ X 4 ^ AA ^3-5-5. <4 D 1^, «)-o]£L Jf-A] cr^ 

* 4^7114, ^ ^IS HItt Ci-Cs-^Ajofl C !-C 7 - 

^7MH n i 2 ^ ^^ojr^, y 1 ^ 0, CH 2 5E^r N-R (R C1-C7-M SEfe 

* , AZT, 3TC, ACV# tJl*t> HHf^ ol^cq £}-^-§-oj oju] ^^^ojcj. 
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St!-, <HHAl-ol-I-s3 Tr#e]l^.A>oic i^jrviloiH 7)}<£2) s^-lM-i-^ ^afo]e^^i 

*]^S. 5}-^-#l-(PMEA, MCC-478H 0 J^ 0 H=1 ^tH) ^M", 7} 

#^1 7flM ^Jl^H ^*r*l ^}*}, uJ-eH ^Jl 

^ S^r 3X)e|Dlc1 6flolA]-oia^ ^ff#efl^A|-olc SL^IH-iHH 7^1^^) 51- 

^-#ofl :&*H 7l^<H] <^^€ l*Rr ^-8-^- s.^: US 5817647; US 

5977061; US5886179; US 5837871; US 6069249; W0 99/09031; WO 96/09307; WO 
95/22330; US 5935946; US 5877166; US 5792756; : International Journal of 

Antimicrobial Agents 12 (1999), 81-95; Nature 323 (1986), 464; Heterocycles 
31(1990), 1571; /. Med. Chem. 42 (1999), 2064; Pharmacology & Therapeutics 85 
(2000), 251; Antiviral Chemistry & Chemotherapy 5 (1994), 57-63.; Bioorganic 
& Medicinal Chemistry Letters 10 (2000) 2687-2690; Biochemical Pharmacology 
60 (2000), 1907-1913; Antiviral Chemistry & Chemotherapy 8 (1997) 557-564; 
Antimicrobial Agent and Chemotherapy 42 (1999) 2885-2892. 

<12> JEtt #71 SJ-4VA1 IS] Sj-tl-^ 2 7fl °l A o V ^ Hlcfl^^7> $1°] 47fl o]aVo) 

3 ol-Me}- cfecf. o^tr ol^j^-g- 

(separation^ resolution) fr^ ?]*H| -rr-g-tr ^^-8: 7fl ^3r>^ <S^7> 
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*l: US 4,018,895; US 4,194,009; US 5,618,829; US 5,204,446; US 5,719,104; EP 
0545425A1; EP 0369685A1; *\ M : Antimicrobial Agents and Chemotherapy 35 
(1991)1386-1390; Antimicrobial Agents and Chemotherapy 36 (1992)672-676; J. 
Med. Chem. 31, (1988)1412-1417. 

<b> %«Hs1i^l(^l tifo]ei^^l)3L^ nfl 

4- -n-§-^: 5)-^ 1^ (l-5L>ii^t I l]s.Al-2-<a:^Al-ol^^.H^^)^^^tl-efl^. 

a>o]= -R-£.*fl-i- ^*>^ji, zl<% cfolo^Eflefl^oj-ol^^Cdiastereoisomer) ^ 
^oflE^^.^(enantiomers)l- , °1 ^ttt°l % v w>°l 

-g-°fl2l-l- ^ <^13}-«H Ol^j-g. ^o}^-. 
<I5> t^ofl 4^- *M S]-*V^1 1^ 2}-tr-I-^ 7} 9} 4- 

tt (l-i^3Lic^s-Al-2-^-^A>o]^ S .H S .^) Dl i^^e 1 | i A>olc -^-s^olcf 

<I6> [SV^-^I 1] 
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<17> OR 3 
<18> ^7) *H*1, 

<19> R 1 £ C1-C7 R 2 ^ R 3 ^ l^^SLS. q-EflflTm, §5. 

^*fl ^1«:^>Hi4 M-EftflTm, Cz-Cy-oH^, C 6 -C 12 -ol-m HL^- 

^^-S)7lM- ^KE^-g- uj-EfiflTm, -(CH 2 )m-0C(=0)-R 4 * M-eHH , ^7) 

^ m 1 122] Jg^oUi, R 4 ^- d-Cia-^^, C 2 -C 7-^^. Ci-C 5 -^^1 , d" 

<20> Q ^ 5f7l ^S^^l ZL#^- M-E^-m^: 
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<22> °^HH 

<2 3 > x 1 , x 2 , x 3 ^ x 4 ^ AA ^^sls. *}o]^a] ^ t£« 

# 14^^14, A A HSS. 5E*f d-QrW*H o}*fl si^-sMM- Hl^l^ C !-C 7 - 



Y' v Nf 



n ^ 1 5£^r 2^ ^©M, y 1 £r 0, CH 2 £^ N-R (R d-d"^^ Stt d~ 

d 2 -°>l°l^)* 

oiE^v ^l^o.s ^-g-sl^ efaflflfraj 0.3. -§-°l^# tg--f^}^ 

^Ff-n^-a- ^ ^ ailt- 1-13 <*^v, %^v, ^a>, oiAV, 

t4^^, ^-efl^l^r f-sf- ^ -B-71 ofl^#^, afl^l^^<4, p-l-^-oji^ 
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2 )m-0C(=0)-R 4 M-eHH , m £ i tfl^] i 2 2] ^^ojji R 4 £ Cl -C , 
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IS. la] 



N 

H ' °~V5U- (+)-trans-*^-«>l^^^l (enantiomer) 
o" 




R 1 


R 2 & R 3 


X 1 


X 2 


1 


CH 3 


H 


OH 


NH 2 


2 


CH 3 


H 


H 


NH 2 


3 


CH 3 


H 


NH 2 


H 


4 


CH 3 


H 


s -0~ oMe 


NH 2 


5 


CH 3 


H 


CI 


NH 2 


6 


CH 3 




H 


NH 2 


7 


CHa 




H 


NH 2 


8 


CH 3 




s -0~ 0Me 


NH 2 


9 


CH 3 




s ~O" 0Me 


NH 2 


10 


CH 3 




NH 2 


H 


11 


CH 3 




NH 2 


H 


12 


C2H5 


H 


OH 


NH 2 


13 


C2H5 


H 


H 


NH 2 


14 


C2H5 


H 


NH 2 


H 


15 


C2H5 


H 


s -O~ 0Me 


NH 2 
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IS. lbl 



16 


C 2 H 5 


H 


CI 


NH 2 


17 


C2H5 




H 


NH 2 


18 


C2H5 


> 


H 


NH2 


19 


C2H5 


9 1 


NH 2 


H 


20 


C 2 H 5 


Q 


NH 2 


H ! 


21 


C2H5 




s_ 0~ 0Me 


NH 2 


22 


C2H5 




s -0~ omb 


NH 2 


23 


C3H7 


H 


OH 


NH 2 


24 


C3H7 


H 


H 


NH 2 


25 


C3H7 


H 


CI 


NH 2 


26 


C3H7 


H 


NH 2 


H 


27 


C3H7 


H 


S — ^ ^— OMe 


NH 2 


28 


C3H7 




H 


NH 2 


29 


C3H7 


0 1 


H 


NH 2 


30 


C3H7 


O 


H 


NH 2 


31 


C3H7 




H 


NH 2 


32 


C3H7 




H 


NH 2 


33 


C3H7 




H 


NH 2 
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IS. 2] 



N 

H * (-)-tran8-»«h«l^«a| (enantiomer) 

o 1 




R 


R 2 & R 3 


X 1 


0 

X 2 


34 


CH 3 


H 


OH 


NH 2 


35 


CH 3 


H 


H 


NH 2 




Ul 3 


TJ 

H 


in 1 

NH2 


H 


37 


CH 3 




H 


NH 2 


38 


CH 3 


0 1 


H 


NH 2 1 


39 


CH 3 


0 


NH 2 


H 


40 


CH 3 


0 1 


NH 2 


H 


41 


C2H5 


H 


OH 


NH 2 


42 


C2H5 


H 


H 


NH 2 


43 


C 2 H 5 


H 


NH 2 


H 
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IS 3] 



x» 

N 

h*" o-^or* (±)-trans-BMN°lH (racemates) 

P-OR* 

o" 




R 1 


R 2 & R 3 


X 1 


X 2 


45 


C3H7 


H 


H 


NH 2 


46 


C3H7 


H 


OH 


NH 2 


47 


C3H7 


H 


NH 2 


H 


48 


C2H5 


H 


NH 2 


H 


49 


C2H5 i 


H 


S— OMe 


NH 2 



IS. 4] 



* °">'-or. (±)-cis-2MN°lH (racemates) 

O 




R 1 


R 2 & R 3 


X 1 


X 2 


44 


CH 3 


H 


OH 


NH 2 


50 


CH 3 


H 


s -O~ N0 ' 


NH 2 


51 


CH 3 


H 


NH 2 


H 
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(b) *M 4^ 2}-tJ-## SJ-«H1 3S1 3*^4 *M 5 
3 ^, S^-«H 52] =o)^aV^ ^^fl^Hl 7>^^r^Al^ 
<!r}7] la^ 3^#-S: ^s^uf, 

(c) 5}-«M la^ 2^#°fl r 2 ^ R 3 nfi £^1^ ^>7l lb^ 

^ ^12^- ^ ^cf(^-j7: USP 6,037,335, 5,935,946, ^ 5,792,756). 
2] 




QH 



[3j-*H] 4] 
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OR 6 



<43> [2}-«H la] 

R1 

I 

OH 



<44> lb] 



R1 




OR 3 ' 



<45> <#7] ^HH 
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<46> 



R 1 , R 2 , R 3 £ Q SWH »W 



<47> 



<48> 



<49> 



R 2 '^ R 3 '^ ^ ^3.05. -til 43)*); R R 3 l- M-Ef^Cf. 



<so> sJ-*K] 1^ Wl-gr ^l^Hr #71 ^ (a) ifl^l (cHH ^ -g- 

"H^H ^7] Si ^7fl^Hl ^ Sl-H^, olnfl -g-uflj^ ^^1^3E.#^1S, C) 

^ Hel^l^^^^-B^olc^ <£^ig + ol^ tr^ « o >^ (^o^ R 2 ' ^ R 3 ' 71* £ 

^1^1 Si^H^, ^7l ^*fl*Hl ^^eM^s}- <Hlefl = ?1 7] El^^-a 
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Ml o) B =L tilcfl^l 27fl ^f>}JL $X°] 47]\9) ol^^^ go_ 

<52> 2)-^-^] 23j 

<53> (a) *}7] 5}-^ 6^ <a:#7l7> il^ °fll#el^efl 0 lBl- ElE^EflBeMi: 

<54> (b) 27fl^ 4o]fl£^|. CfolO>^Eflefl _0 0}0l^ 

[diastereoisomer : s}-«H^ 8 ^ 9]» ^^Hl 7]^ &7§; 

<55> ( C ) (b) ^TiHH AA&l ^ttt ^7) ^fl^HH j^Al 10 

^ #7fl; g 

<56> (d) Sj-«H| 11 129] 3^#ofl ^-^g iS7l# ^fl7l*>Jl o]^7l 

(U* £°gAl7l^ *r3l*M S**H 2a HL^ 2b ^ ^*Rr 

<57> [S^-^H 6] 

0 
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<58> [3}-«H 7] 

R 7 -MgX 
<59> [^-^ 8] 



<60> 9] 



R 1 ° OH 



<61> [Sj-«H 10] 



o 
II 

R 2 0-?^ L 
R 3 0 



<62> [S^H] 11] 
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P'O 

\ <° 

R 2 0— P=0 
R 3 o' 



i2] 

p 1 o 

R 2 0— P=0 



R 3 0 



2a] 




[S?-*H 2b] 
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H 



<66> 



<67> L, R 1 , R 2 ^ R 3 ^r oj-sq- ^-ji, 

<68> P 1 -8: ° s v # ^71, wV^^Mlfe iM(Bn), H)^*}°]ZL£.3)^(Tm>), t- 

<69> R ? ^ C3-C7SI <£^* ^^MM, 

<?o> X M^W. 

<71> ^l^S R 1 ol cfl^, oflig 2^31 o]t^ R 2 , R 3 ^ oflTg cc^ o>o]^n 

29] 3^1-^ 4-§-*r ^ 5^ («h§-^ 1 ( i ) 

°^#7l7> jjUl^ iit£jtsflo|E(6)t E]E}^-EflHBl-^^5.^Afol^[ T i(0iPr) 
4 ]^ €"*1)*H1 c 3 _ C7 -o a V^^ ZLb1) ^_u Sn j.olH. *E±r C 3 -C 7 -°^^}H^W^o]^ 

[di as tereo isomer : trans-°>°]±:^ (8)^}- cis- 0 } 0 ^ 1 ^ (9)]-!- ^e]?)-^ 
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EflstiV-g-A}^ zj-z|^ tiV-g-o.s.^.E^ i^SHHB sj-th^(ll)4 (12)1- "S^cf. 
(iii) ° a v # ^7)1- ^171*>J1 ol^-7l(L)» 51<^1^ 5j-*VAi 2a ^ 2b^ ^ 

<72> [«>-§-^ 1] 




<73> l^o. jEtlr, sl-^ 1^ Sj-^-#s] <d! tenant iomer)» 

(resolution)*}^ ^l*Rr 1SJ <y*l]S|-«}-3 ol^jty-g- U-^-i- 

A. 

<74> ^^o.S, y o v ^^r ^V7) s}-*H 4a 4b S?-*M 3^) 

*r ShM?! * ^ 711; ^oj?. M (resolution)^, (+) J£ 

(")^ tr^ ^ol^^) 7 > i#^(enantiomer enriched) (+), (-) 

^M-M* ^ <g<H o]s. z|z}-^ Hejn)l^^m«-S.^olc (TMSBr)^. 

i a <2] ^-g^fe (+),(-) -r-7fl^l ^o]^^s. i££_o\) ^ ^^sj 
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la£] 3^#«fl R 2 ' ^ R 3 ' ZLf-* IE<g*M ^-g-^^r ^ *H i*l lb 



<75> [3}-«H 4a] 



L 

- o 



H 5 < 

R s O— P=0 



OR 6 




<77> ^"7l ^#<Hl^i, 

<78> R 1 , R 5 , R 6 ^ L ^^\^ ^Cf. 

<79> 4T-7lSf IS] <M 0)^^)0} ^^H 0 >^o. ^ ^o.^ ^ ^ ^ 

°fl W#(4a)] ^ sj-t!--!-* 5)-^-^ 3^1 ^ofl 7]^«V aJI-i^o 
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S *)*\ sj-^ 5 s^tM- 2°fl <s}-^# (5a) ]sj 3^#* <S 

-H o] s}-^-§-g- ^-e)(resolution)*H ¥ 7fl^ ^«r 0 l^*fl-& 

[aV-§-^ 2 ofl &<H ^tt(5b) ^ (5c)]. ^°1^^17> i^-sj 

(enantiomer enriched) ¥■ 7fl^l ^^H^ll- ^ ^^"^1 ^^-#^£(speci f ic 
rotation)* (+)-trans-#^-<>l^ (5b)2f (-)-trans- #«r°l^ *ll (5c)# ^3- 

^rS^f. °1 He]^lW^^w.5.p>ol = (TMSBr)S *i^*H # 

-g-s>^ s\-n^ la (*h§-^ 2<HH (lc) ^ (ld))^ #*}-o]^)7)- g 

°1 (enantiomer enriched) 2r^-## 

<so> [o>-§-^ 2] 




R*'0-P=0 

red 

(+)-trans 
-enantiomer 



HO-P: 

HO 7 



(+)-trans 
-enantiomer 



HO-P=0 

Ho' 

(-)-trans 
-enantiomer 



(-)-trans 
-enantiomei 

(5c) I 



R2'0-P=0 



(+)-trans 
-enantiomer 



(-)-trans 
-enantiomer 



<81> 
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resolutionHH >M-8-s|Sr, <« 1-<H ^-§-#^, ^-g-g- °i| , #-§-#^3 ^>-g-^4 
-§-#-§- °H(eluants)fe- ^ £] ^ 3£r ^d], £ tg 

^i*hi 7i7fls]7ii4 ^i^^i 7flA]si ^ 5? e-Bi^* «a 

7l#^o^ ^TCHlTll ^-8"*€ 7l#olcf. 
<82> #7] afl^^ ^l^o] «>-§-S7il-<Hl cfl«flA^ f>} 7 ) ^l^ofl ^ ^AHll- 

<83> tiV-g-O] ^-^^ ^Lofl A^§,g. -f-^o] H o V^ > afl-g- E-ig 3^ 

nVSZLEflSl, Tfli^^ ^S] ^ofl olefl ^-£1 £ ^1^- ^ olcf. 
<84> ^- ^ofl ttf^. 1^ Sj-^-gr 5^*113*1 -R-g-srl-Tll A>^-^ ^ 

5- ^r^MMl * H^-g-^ «J«]r ^ « 1kg #0.01 ifl*l lOOOOrag, h> 

^*i*Mlfe- 0.05 vfl*l lOOmg^l ^^l}, m.^ Qx}6\) cjl^- sol -g-^ 
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<86> £ ^3*Rr H>ofl 4^ ^A}-g- *fl*fl ^ ^^-g- 

<87> ^A>-§- ofl# #^ 1-2- ^f-g" ^ 5E^r -R-^ ^^-Br 7l# 

°fl 4^ ^^-tV £^1, ^£^1 SE^r €^*fl» *1~8-*H ^ 54^. °H, 

-g-€ ^ 5£*r -M°fl*r #, ^^J} ^ NaCl ^o.^, Tg^- JL^ ^.<a 

^ *l y oMb& ^>-§- ^-g-^- ^ &i=h 

sr>!4 o]^ 1-%^ 5)^^11, o>m,il^ ^^HH^ Q 
^ ^ #ofl^ ^-^flfif i^A^O.^ ^S^Cf. 

<89> £ sJ-tM-* ^^^-S ^*Rr %>WHS]^J1341- ^J77> 

^€ 1# OJAVO] ^«.52f ^Ajofl 3=a}§ ^ olcf. ols^> «MO S .g. W 

^^1^1, ep#, ^A]E]-«l(Gemcitabine), e^l^(Lamivudine) 
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* # ^ sm. 



^r, <H<£ 3*1 S€- ^^7> o)^o\] o)«j] »ltb^^ ^ 



( ± )-t rans-l-( { [t--?-^ 5(1 ^ ] ^-a] ^ ^ )- 2 -nll ^A>ol §5.^5.^(8-1)31. 
(±)-cis-l-({[t-fm(^5ll^)^€]^lH€)-2-^^A>ol§5. = S.^:# (9-1)3 ^ 

(^-3:: Syn.Lett. 07, 1053-1054, 1999)^1 7l7fls} u}d\] trfa)- cf^-azf 
°1 ^S^cf. 50g(0.146 mole)3 oflig 2-{[t ^31^)^] 

^^D^HlEMBt 700m«3 EflB^l-ol = 5. = ^.( T HF)<Hl ^ji, 30ml o) e^-^e 



aflSofl 1 




82-30 



1020020058310 



(2.0M in THF)« -15 °C €€§1 ^7}0>}JL, oV-g-o" o. ^Kg.^ 12^\^9} M*Vis}<% 

<^ -g-nfls. Al-g-tl- EflB^>ol^S^^r(THF)-i: 700m£ ^5. ^l^tt ^, 700in££] 
—■3- ^-§-#^ 251 «]^#<^ #<3" =L #^?-#-g- 

^^^(^7fl-g-nfl : i: 8 / ^^6HlEflolE:^A].)o. s -g-^a} ^ 7 fl^ S^l5]-^l-(cf 
^o^Efleflo.ol-ol^^: diasteroisomers)!- AA 38g(8-l) 4 3 . 8 g(9-l)-I- <g^cf. 

<96> S^fl5l-^#(8-l) 

<97> 'HNMRCCDCIs) 60.08 (t, 1H), 0.90 (q, 1H), 0.96 (d, 3H), 1.08 (s, 9H) , 

1.14 (m, 1H), 2.79 (s, 1H), 3.70 (d, 1H), 3.84 (d, 1H), 7.43 (m, 6H), 7.70(m, 
4H) 

<98> ESI: 363 (M+Na)\ C21H2802Si 
<99> S^l2|-^-l-(9-l) 

<ioo> 'HNMRCCDCIa) 60.31 (t, 1H), 0.62 (q, 1H), 0.69 (m, 1H), 1.07 (s, 9H), 

1.15 (d, 3H), 2.46 (s, 1H), 3.49 (d, 1H) , 3.79 (d, 1H), 7.43 (m, 6H), 7.70(m, 
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4H) 

<ioi> ESI: 363 (M+Na)\ C21H2802Si 

<102> 2 




<i04> (±)-trans-l-({[t-^-^(^5H^)^l]^-Al}ul}^)-2-<Hl^H#SH5-^:#(8- 

2)4 (±)-cis-l-({[t-^(^5||^)^€]^lH^)-2-oflm^H#^.HS.^ (9- 
2)3 ^ 

^^zLv1]^#^e}o]£L^ A>-g-^^4. °l sl-tM- (8-2)7} ^ sj-^-l-SAi 30 g 

^91 Jl, ^ft (9-2)^ 7\<>\ ^z>}x] 
<I06> S^lsl-^-#(8-2) 

<io?> 1 H NMR(CDC1 3 ) 60.09 (t, 1H), 0.97 (q, 1H), 0.97 (t, 3H), 1.06 (2H), 

1.07 (s, 9H), 1.31 (t, 1H), 2.79 (s, 1H), 3.71 (d, 1H), 3.81 (d, 1H), 7.41 
(m, 6H), 7.68(m, 4H) 
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<I08> ESI: 377 (M+Na)\ C22H3002Si 



<109> ^l^ofl 3 



TBDPSO 



<i io> 




<i 1 1> ( ± )-trans-l-({ [ t-^-€ ( ^ *ll ^ ] ^-^1 HI ^ )-2- E. S.*£*}°] fS£S^(8-3) 

<H3> S^Sl-^-l-(8-3) 

<H4> 'HNMRCCDCIa) 60.09 (t ( 1H), 0.68 (1H), 0.70 (t, 3H) , 0.82 (m.lH), 1.09 

(s, 10H), 1.32 (m, 1H), 1.40 (m, 2H), 2.90 (s, 1H), 3.73 (d, 1H), 3.85 (d, 
1H), 7.45 (m, 6H), 7.74(m, 4H) 

<H5> ESI: 391 (M+Na)\ C23H3202Si 
<I16> >flS<^] 4 
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<i.8> tH^JLig {(±)-trans-l-({[t-^(^3fl^)^^]^-Al}i J fl^)-2-i I il^A>ol 

<H9> *\}2z*\] 1<HH 3^-i-(8-l) 7.5g* 35m££l ^-g-oVul j= ofl ^o]ji 

35iii£S] e]-§- t-¥-^-Afol£i(i.0M in THF)» ^7>^ cf^- 10£-# ^ ^f^^f. 

-§-nfl : ^^oHlEflo]H/n-^^l-=l/l, v/v)S 3*11 *M £*fl5)-^-# 7.0g(^# 61%)* 

<i20> 'HNMRCCDCIa) 60.13 (t, 1H) , 0.96 (m, 1H) , 0.97 (d, 3H), 1.05 (m, 1H), 

1.06 (s, 9H), 1.30 (t, 12H), 3.70 (d, 1H), 3.98 (d, 2H), 4.00 (d, 1H), 4.75 
(m, 2H), 7.42 (m, 6H) , 7.70 (m, 4H) 

<12l> 5 
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<i23> tH^n^ {(±)-trans-l-(^>^=^l D ll^)-2-^l^A>ol§5.n^]^.Al} 

<124> z\]^g\] 4<HH <£^r 8.3g# 100m£^ ^-^JI 3.1gS] <y-S.^-# 

^11^=20/1, v/v)S 3*fl«H 3.6g(^# 82%)-§- ^^>^cf. 

<i25> 'HNMRCCDCla) 60.23 (t, 1H) , 0.96 (dd, 1H), 1.12 (d, 3H), 1.23 (m, 1H), 

1.32 (d, 12H), 3.59 (d, 1H), 3.82 (d, 2H), 3.96 (d, 1H), 4.01 (s, 1H), 4.82 
(m, 2H) 

<126> ESI: 303 (M+Na)\ C12H2505P 

<127> ^2:^1 6 
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7< 



<128> 



<i29> cjoliHS^ {(±)-cis-l-(^>ol=^^l^l^)-2-oll^^l-^#SSS.^]^-Al}T 3 fl 

<130> A}^] HM ^ 3^1- (9-1) 3.0g-i- ^2:^1 4^5^- «o Vl ^^: 

#3 o.S £a||3^# 1.2g-g- 

<i3i> *H NMR(CDC1 3 ) 60.41 (t, 1H) , 0.71 (dd, 1H), 0.89 (m, 1H), 1.13 (d, 3H), 

1.33(d, 12H), 3.50 (m, 1H), 3.65 (m, 1H) , 3.81 (dd, 1H) , 3.91 (dd, 1H), 4.29 
(s, 1H), 4.76 (m, 2H) 

<132> ESI: 303 (M+Na) + , C12H2505P 

<133> ^]S<^1 7 



<i35> ^ol^a^^ {(±)-trans-l-({[t-^-^(^2fl^)^^]^-Al}T I fl^)-2-<Hl^A>ol 



TBDPSO 



<134> 
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<136> *\}2i<A} 2«*IM s^l" (8-2) 4.2g * *H^ofl -S-^^ ^-i- ^*1*> 

^ a^ll sftM- 3.6g ^ <£9Xt}. 

<137> l HNMR(CDCl 3 ) 80.15 (t, 1H), 0.92 (m, 1H), 0.94 (t, 3H) , 1.06 (s, 9H), 

1.08 (m, 1H), 1.25 (m, 1H), 1.31(m, 12H) , 1.35 (m.lH), 3.73 (d, 1H), 3.98 (m, 
3H), 4.74 (m, 2H) , 7.41 (m, 6H), 7.67 (m, 4H) . 

<138> *\}2i<$] 8 



HO 




<i4o> t^ol^H^-^ {(±)-trans-l-(^lc^.AH^)-2-cfl^A>ol^s. = S.^]^Al} 

<wi> 7<M 3.6 g* ^Sofl 5^ -S-^tb H o v, t^ 

w# i.6 g # ^sa^. 

<142> 'HNMRCCDCis) 60.27 (t, 1H) , 0.95 (dd, 1H), 1.02 (d, 3H), 1.15 (m, 1H), 
1.29 (m, 1H), 1.34 (d, 12H), 1.37 (m, 1H), 3.68 (dd, 1H), 3.84 (d, 2H), 3.88 
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(dd, 1H), 4.00 (brt, 1H), 4.77 (m, 2H). 



<143> 9 



TBDPSO 



<144> 




<i45> ^ol^HS.^ {(±)-trans-l-({[t-^(tq^^)^^]^-Al}i 1 fl^)-2-H.S.^> 

<i46> afliofl 3 oflAi s}-^-# (8-3) 1.2g -g: 4Sf « 0 V ^^- 

I^ll^^t 1-lg * "25^. 

<147> 'HNMRCCDCIs) 50.14 (t, 1H), 0.85 (t, 3H), 0.95 (m, 2H), 1.05 (s, 9H), 

1.25 (m, 1H), 1.31(m, 12H), 1.38 (m,3H), 3.70 (d, 1H), 3.98 (m, 3H), 4.72 (m, 
2H), 7.38 (m, 6H) , 7.66 (m, 4H). 

<148> ^2:^1 10 
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<i50> c]ol^n S ^ { ( ± )-t rans-l-( *M v\) i)-2- = S|A}ol }^ 

<I51> *11 2:cfl 9oflA^ ^ # ! 2g o. ^ ^.q}^. y^^g- ^Al^ ^ 

o.5 g # <*s>m. 

<i52> 1 H NMRCCDCb ) 60.28 (t, 1H) , 0.94 (t, 3H), 0.97 (m, 1H), 1.20 (m, 2H), 

1.33 (d, 12H), 1.41 (m, 3H), 3.65 (dd, 1H), 3.82 (d, 2H), 3.87 (dd, 1H) , 4.00 
(brt, 1H), 4.77 (m, 2H) 

<I53> 11 



<I54> 




<i55> ^oI^ct^^i ({(±)-trans-l-[(2-oH^-6-#S.S.-9H-^^l-9- , a)afl^]-2-Hl 
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<156> x\)2^o\) 5 °\}*\ <g£- Sl-tM- 2.3g-§- 75ml2) t} #5.5.^1 iHl ^-o]ji l.23g^ 

^cf. 1^ #£.^-1-5. bM-^* 7}*}<q tiV-g-^r ^*H^tf. cj #3.3.^.2.3. ^ 

2.73g(^# 94 %)# ^*>^cf. 
<I57> 'HNMRCCDCIs) 60.44 (t, 1H) , 1.16 (d, 3H), 1.20 (m, 1H), 1.32 (m, 12H), 

1.30 (m, 1H), 3.14 (s, 3H), 3.82 (m, 2H), 4.33 (d, 1H), 4.68 (d, 1H) , 4.78 
(m, 2H). 

<158> o] nfl^JLiflolB S^#£ 3*fl£M ^til-g-oll A>-g-S>£cK 

<159> >S-7l ^€ Dfl^itflolH 430mg^r 18m£Sl ^ ofl ^i#of c ofl ^o]jl 

57.6mg(60% ^sN-H-M 162mg^] 6-#.3..5.^ L °>\i(2-°l-nlii-6-#3.3.- 

^(^7fl-g-Dfl: ^#5.5.^1^/^^=20/1, v/v)S 3*H*H 5.*HsW§- 201mg(^§- 
44%) * 

<160> 1 H NMR(CDC1 3 ) 60.50 (t, 1H), 1.12 (m, 1H), 1.16 (d, 3H), 1.21(dd 6H), 
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1.27 (t, 6H), 1.39 (m, 1H), 3.86 (m, 2H). 4.31 (d, 2H), 4.69 (m, 2H), 5.13 
(brs, 2H), 8.32 (s, 1H) 

<i6i> ESI : 432 (M+l) + , C17H27C1N504P 
<162> ^]2i^] 12 




<i64> tH^HS.^ ({( ± )-cis-l-[ (6-a>*l2c-9fiHf?l -9-^ )^]W]-2-^m A > 0 l#S. 

<165> 6 °1M 0.51 g^: 6-#S^^6^ cfl^l 6>cflvl# #-§->M 

?l*r 3-8- ^1*>J1, *\}2±*\) no!]- Jg-o^v HVttj^- S*flS|-^-§- 250 mg ^ 

<i66> ESI: 398(M+1) + , C17H28N504P 

<167> *\]2lO\} 13 
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<i69> cjol^n^^ ({(±)-trans-l-[(2-o>nl^-6-#SS-9H-^-^-9- < a)^l^]-2-^l 

<i?o> 8 o\]a] 620 mg # ^l^^l 11 4 ^^tb ^-i- *r3J*M 

S^fl^l- 330mg # ^Xm. 

<ni> 'HNMRCCDCIs) 80.53 (t, 1H), 0.97 (t, 3H), 1.08(m, 1H), 1.25(dd 6H), 

1.26 (m, 1H), 1.28 (t, 6H) , 1.40 (m, 2H), 3.80 (m, 2H) , 4.16 (d, 1H), 4.40 
(d, 1H), 4.69 (m, 2H), 5.10 (s, 2H), 8.18 (s, 1H) . 



<172> *\)2iO\} 14 



<173> 




^ o] ±2.S.% ( { [ ( ± )-( t rans )]-!-[ (6-°>*l ii-9H-^^-9-^ ) ^ ^ ] -2-°\) ^ a> 
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<175> *\}2l*\] 8 o\)*\ 210 mg 6-#3.5.^-o}id tflA} o>d)id* 

?l£r ^l^Jl, ^12^1 112}- -§^*V w}^^ a^lsf-^-l- 95 mg * ^ 

<i?6> 'HNMRCCDCIa) 60.58 (t, 1H), 0.98 (t, 3H), 1.12(m, 1H), 1.28(dd 6H), 

1.26 (m, 1H), 1.39 (m, 6H), 1.42 (m, 2H), 3.80 (m, 2H), 4.32 (d, 1H), 4.68 
(d, 1H), 4.75 (m, 2H), 5.92 (brs, 2H), 8.29 (s, 1H), 8.34 (s, 1H). 

<177> *\}2^<*\} 15 



<178> 




<i79> ({[(±)-(trans)]-l-[(2-<>Mii-6-#S.S.-9H-^^-9- 
< ^)^^]-2-H^.^^l-ol^-^n s ^}^.Al)T 3 fl^ii 5 r t ilolH^ ^ 

<i80> 7fls<^l 10 <HH 240 mg -§- ^}3i^) 114 ^<H*V ^-fr 

110 mg # 
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<isi> 1 H NMR(CDC1 3 ) 60.55 (t, 1H), 0.93 (t, 3H) , 1.13(m, 1H), 1.25 (dd 6H), 

1.26 (m, 1H), 1.29 (t, 6H), 1.31 (m, 4H), 1.40 (m, 1H), 3.80 (m, 2H), 4.18(d, 
1H), 4.40 (d, 1H), 4.69 (m, 2H) , 5.06 (s, 2H), 8.18 (s, 1H). 



<182> *t)3i°\} 16 




<I84> T^ol^s^.^ ({[(±)-(trans)]-l-[(6-^l^-9H-^^-9-<a)^l^]-2-HS.€ 

<185> *\}^} 10°)}*] <^-g- 105 mg -8: 6-#SS.^ol-^ i^a] oj-dlvi-g- 

?l^r ^# *\)2l<*} I!?}- ^ 0 ^*V y o^# ^r*8*M 45 mg -8: ^ 

<186> 'HNMRCCDCIs) 60.59 (t, 1H), 0.91 (t, 3H), 1.12(m, 1H), 1.31(m 12H), 

1.32 (m, 5H), 3.80 (m, 2H), 4.32 (d, 1H), 4.50 (d, 1H) , 4.72 (m, 2H), 5.80 
(brs, 2H), 8.28 (s, 1H), 8.34 (s, 1H). 
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<187> 2:0*1 17 



<193> 




<188> 

<i89> t^o]^HS^ ({[(±)-(cis)]-l-[(2-°l-*l t-6-tSS-9^^^-9- 

<190> 6 s}-^-# 80 mg-§- ^lS^l 11 3f ^-^^v uvoj-g- ^^}a} 

a^lsj-tl-l- 35 mg ^ ^§>^cf. 

<i9i> ESI: 432 (M+l)\ C17H27C1N504P 



<192> ^^Hl 1 



h ^ 0 Resolution ( + ).trans + (-)-trans 

0 5 P=0 Chiral Column -enantiomer -enantiomer 

(5b-1) (5c-1) 



<'94> t^ol^a^.^ ({(±)-trans-l-[(2-6Hii-6-l-SS.-9H-^-^1-9- , a)^l^]-2-^ 
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^>°ms = S€}^l)pflii^iLi)olH£l £-e] (resolution) 

<i95> ^7} tiV-g-^i 2<HH Qo] ^-*}-ol^^( raC e m ates)» ^ ^ 

(chiral column) ^-s] (resolut ion)*}^ (-^-trans-^H^^l^r (-)-trans-^- 
^ol^^i^. <*$t]-. ^ofl o^o^ (±)-trans-^]^lo]E ( ra ceniate) 50 

mg # ^ll"^ chiral pak AD, DAICEL chemical^} Jl^ 

80/20), (+)-trans-^^M^*fl Q (-)-trans-^-*M^*ll ^ 20 mg ^ <£<>| 
«^£(specific rotation)!- ^*r53^. SHM £-5]£j^r (#fr*l ^Kretent ion 
time) : 7.8 £-) ^ol^^i] (5b-l)^r [a] D = (+H6.35 (c-4.12 in CHC1 3 )°1^, 3 

°fl -g-H^^r (^Hr^: 9.2 £-) #*M^*H(5c-l)^ [ a ] D = (-)16.70 (c=1.92 in 

CHClsH^. 

<196> -^^Hl 2 



<i98> ( { (+)-t r ans-1- [ (2-°}v] ^^-a]-9H-^^-9-^ ) -2-^1 ^ *}°] 




<197> 



(+)-^-*M^*fl [(+)-enantiomer] 
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<199> 



*Ulcfl i d\]x\ ^-Bl(resolution)*H (+)-trans-#«M^ *fl 40 mg-§- 8 



wis) c)tll#1 285mg S] B^HlH^l c (TMSBr )ir ^7)-^- 

1N-HC1 10 aH ^ 4*1 # ^A)^]cf. «]--§- * -g-nfl S ^>-§-*V 

#-§: Jl, =L (io/l)ofl^ S*fl3^# 
25.4 mg (83 % *r-§-)-§- ZL^S. <£^cf. 
<200> [a] D = (+)18.93 (c=0.66 in MeOH) 

<20i> 'h NMR(MeOH-d4) 6 0.71 (t, 1H), 1.13 (dd, 1H), 1.18 (d, 3H), 1.45 (m, 

1H), 3.81 (dd, 1H), 3.98 (dd, 1H), 4.43 (d, 1H) , 4.70 (d, 1H), 9.18 (s, 1H). 
<202> ESI: 330 (M+l), C11H16N505P 

<203> -g*H 3 



<205> ({ (-)-trans-l-[ (2-^1 = ^ - 9H -^^-9-^ ) nfl ^ ]-2-ufl ^}o] ^s. 




<204> 



(-)-trans-^-^°l^ ; i^l (enantiomer) 
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= S^}^-Al)Dfl^i^A> 34). 

<206> ^(resolution)^ (-)-trans-^ *H 40 mg°fl *J 

*H 22f «o V ^* ^*1*H S^fl^l- 20.1 mg(^-§: 80 ft) # ^ JL^]S, 

<207> [a] D = (-)20.19 (c=1.21 in MeOH) 

<208> 'h NMR(MeOH-d4) 8 0.71 (t, 1H), 1.13 (dd, 1H) , 1.18 (d, 3H), 1.45 (m, 

1H), 3.81 (dd, 1H), 3.98 (dd, 1H), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H). 
<209> ESI: 330 (M+l), C11H16N505P 



<210> ^-^Hl 4 



<2I1> 



,.- q Resolution (+)-trans (-)-trans 

H / ». -enantiomer + -enantiomer 



Chiral Column 



(5b-4) (5C-4) 



<2i2> ^oj^ns^ ({(±)-trans-l-[(2-o>Dl^-6-#S.S.-9H-^-€-9-^)^l|^]-2-ofl 

^ a>o] tSES| }^x\ ) nfl ^iiivll ol eo) (resolution) 

<2i3> 4>7l 2oflA^| a^*V aj-sf ^-ol ^ol^^] (racemates)1 . ^ ^ 

(chiral column).^ (resolut ion)*H W-trans-^^M^ sflsj. (-^trans-^ 
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*M^*I)# £8^. afliofl 13<HH <2<H*1 ( + )-trans-2HH°lH (racemate) 50 
mg-i- 7}^ ^ (^^: chiral pak AD, DAICEL chemical^} Xl20°l -31^ 
^ el^l-B 3Sn>£zLEfl^(HPLC)^l (-§-#^: Sj^/^lilSlt^l- = 

80/20) (+)-trans-#«M^*fi (5b-4)2f (-)-trans- : f «M^*l](5c-4)-I- 20mg^ 
£<H ^«^2£( specific rotation)* ^^<&A. 9HM ^-^^^(^^l^: 
24 £-) #«W-Mfe- [ a ] D = (+)14.1 (c=7.37 in CHCl 3 )°lal, ^-eJ^feC^-fi- 

27 £0 ^^M^^ [ a ] D = (-)14.2 (c=4.13 in CHC1 3 ) . 



<2i6> ({(+)-trans-l-[(2-^l2n-6-*>ol^Al-9H-^?l-9- < g)^^]-2-^l^A>ol#^ 

HS^}^-Al)Dfl^i^$A> (s^# 12) 
<2i?> ^aH| 4 o)]a^ ^(resolution)*} 0 } (+)-#*r°l^*fl 40 mg°fl <*J*H 

2^ « 0 l-^# ^a]*><^ a^lsj-tf 25.0 mg -g- ^ JL^llS. ^^cf. 

<2is> [a] D = (+)14.06 (c=0.32 in MeOH) 



<214> 



5 




<2I5> 



(+)-%^M^*fl [(+)-enantiomer] 
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<2!9> *H NMR(MeOH-d4) 60.76 (t, 1H), 1.03 (t, 3H), 1.10 (m, 1H), 1.38 (m, 

1H), 1.47 (m, 2H), 3.80 (dd, 1H), 3.98 (dd, 1H), 4.33 (d, 1H), 4.75 (d, 1H), 
9.20 (s, 1H). 
<220> ESI: 344 (M+l), C12H18N505P 

<221> -*J*H 6 




HO— P=0 



<222> C-)-^-^-^^^^] (enantioraer) 

<223> ( { (-)-t rans-1- [ (2-°}v] ±-6-f>}°] ^^]-9H-^-9- ( U ) *fl 1i ] -2-ofl li a}o] #3. 
Hil^DnflfiA^ 41) 

<224> £-eHresolution)^H (-)-#*}-°l^l 40 mgofl 2 

Q y o v ^^- -^l*}^ M^l- 20.0mg -g- €^ -H^lS. 

<225> [a] D = (-)13.47(c=1.47 in MeOH) 

<226> 'h NMR(MeOH-d4) 60.76 (t, 1H), 1.03 (t, 3H), 1.10 (m, 1H), 1.38 (m, 

1H), 1.47 (m, 2H), 3.80 (dd, 1H), 3.98 (dd, 1H) , 4.33 (d, 1H), 4.75 (d, 1H), 
9.20 (s, 1H). 
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<227> 



ESI : 344 (M+l), C12H18N505P 



<228> 



7 



<229> 




<230> ( { ( ± )-c i s-l-[(2-°M ^-6-*}ol _9H-fl.fl -g-^ ) ufl ^ ] -2-Pfl ^a}o] 

HS|}^A|)^||ii^oj ^ 44) 

<23i> 17°1M 30 mg-t- ^ofl 2 9\ -§^*V wj-^ ^a]^ S. 
13 mg * 

<232> X H NMR(MeOH-d4) 6 0.67 (t, 1H), 1.05 (dd, 1H), 1.13 (d, 3H) , 1.38 (m, 

1H), 3.90 (dd, 1H), 4.01 (dd, 1H), 4.22 (d, 1H), 4.58 (d, 1H), 9.17 (s, 1H). 
<233> ESI: 330 (M+l), C11H16N505P 

<234> ^A]oj] 8 
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OH 
P— OH 



<235> 



O 



<236> ({(+)-trans-l-[(2-^]ii-9H-^^-9-^)^l^]-2-^^A>ol-i-s.HS.^}^-Al) 

iHi^> 2) 



-2, BiM°fl1io>n!(TEA) 0.46g2]- 0.18g£] 10% Pd on Ci ^JL 25 C 17lSJ-*MI 
*1 18*1 # -g-o]- «l«V-§-^ ^ef^lH* Pd# 7it!- ^ 

<238> 'HNMRCCDCIs) 60.37 (t, 1H), 0.96 (m, 1H), 1.00 (d, 3H), 1.12(m, 1H), 

1.14(m 12H), 3.79 (m, 2H), 21 (dd, 2H), 4.51 (m, 2H), 5.27 (brs, 2H), 8.01 
(s, 1H), 8.50 (s, 1H). 

<239> Q-v)-SLA]^o}\l °-5L*\) 1.8 g # >*jA]ofl 2 ^ "o^* ^ 

S}-^-§- i.3g (100 % *r-§-)-§- <S&cK 

<240> 'h NMR(MeOH-d4) 6 0.63 (t, 1H), 1.05 (dd, 1H), 1.20 (d, 3H), 1.43 (m, 

1H), 3.80 (m, 1H), 3.98 (m, 1H), 4.47 (d, 1H), 4.63 (d, 1H), 8.30 (s, 1H), 
8.80 (s, 1H). 



<237> 



aJaH] id\)*\ c*o]z\ (+)-#*M^j ( 5b -i) i.8 g .g. 20 ml 4) 
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<24i> 9 




<242> O 
<243> 

({ (+)-trans-l-[ (2-6>ol ^- 9H -^^-9-^ ) t<fl ^]-2-ofl ^UW = S.^ HI Hi 
(W* 13) 

<244> ^Alofl 4^1^i ^^^1 (+)-#«M^*fl (5b-4) 400 mg * -g*H 8^ 

^^■i: a^l^l- 270 mg # <2&4. 

<245> 'h NMR(MeOH-d4) 6 0.71 (t, 1H), 1.10 (t, 3H) , 1.12 (m, 1H), 1.37 (m, 

1H), 1.50 (ra, 2H), 3.80 (dd, 1H), 4.04 (dd, 1H), 4.26 (d, 1H), 4.74 (d, 1H) , 
8.68 (s, 1H), 8.74 (s, 1H). 

<246> ^*H1 10 
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<248> ({(±)-trans-l-[(2-^>nl^-9H-^^-9- < a)^^]-2-iE5-^A>ol3. S .S5. ; S}^- 
AD^^i^Af^ ^ (3^# 45) 

<249> ^lS^l 15<>fl^ 200 mg * ^*H1 8^1- ^-<^t!: ^-g- 

5.*}$) HO mg * <2$m. 

<250> 'h NMR(MeOH-d4) 6 0.71 (t, 1H), 0.96 (t, 3H) , 1.10 (m, 1H), 1.43 (m, 

3H), 1.47 (m, 2H), 3.78 (m, 1H), 4.01 (m, 1H) , 4.26 (d, 1H), 4.71 (d, 1H) , 
8.68 (s, 1H), 8.74 (s, 1H). 

<25l> 11 




<253> ( { ( ± )-t rans-1- [ (2-a}*l ii-6-^-o] c A ] -9H-^^-9-<a) ^ ] -2-£S^ a>o] 
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#5.^3.^ H- A] ) ^Md 46) 

<254> 15«1H 150 mg # ^H) 22]- -g-^*}- H o^* 

g_z\}°\ 110 mg * <£9X^. 

<255> 'h NMR(MeOH-d4) 60.74 (t, 1H), 0.96 (t, 3H), 1.11 (m, 1H), 1.42 (m, 

5H), 3.79 (m, 1H), 3.96 (m, 1H), 4.32 (d, 1H), 4.75 (d, 1H), 9.17(s, 1H). 

<256> 12 



<257> 




<258> 

({( ± )-trans-l-[(6-o>o}^-9H-^^-9-^)till^]-2-=5.€^> <: >l#SHS€}^l )*fl 
lii^S) 47) 

<259> 16<HH 35 mg^g- 10 ml£] tl#3.3.iflfH 280 mg 

3] B^nfl^^^tL^Dfol^. (TMSBr )# ^7}*V * 4 A]^>^ol ^-ff-A] ^t}. c^s. 
S^-fr 7 D Voj- f Jl^ll- <£jl, o] ^oj^l ji^s. nll^-oflEfls (I0/l)ofl^ 

23 mg 2) ^tf. 

<260> 'h NMR(MeOH-d4) 60.69 (t, 1H), 0.97 (t, 3H) , 1.07 (m, 1H), 1.41 (m, 
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3H), 1.47 (m. 2H), 3.78 (ra, 1H) , 4.01 (m, 1H), 4.37 (d, 1H), 4.82 (d, 1H), 
8.38 (s, 1H), 8.56 (s, 1H). 

<261> 41 *H 13 




<263> ( { ( ± )-t r ans-1- [ (6-^1 ii-9H--if <9-9-«I HfJ] -2-^ H*}o) 

^lHliX^g-^ 48) 
<264> 14<H1 >H <S£r S^l" 40 mg # ^*H1 12^ tiJ-^-g; ^A^ct) 

a>n^# 25 mg * <s$m. 

<265> 'h NMR(MeOH-d4) 6 0.69 (t, 1H), 1.02 (t, 3H), 1.03 (m, 1H), 1.35 (m, 

1H), 1.47 (m, 2H), 3.79 (m, 1H), 4.03 (m, 1H), 4.40 (d, 1H), 4.86 (d, 1H), 
8.38 (s, 1H), 8.55 (s, 1H). 
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<266> 14 




<268> [ { ( ± )-t rans-l-({2-o}*l 2^-6-[ ^1 sfl ^ )^ ^ ] -9H-^-9- 

^ H ^ )-2-<^l ^ Afol J* ^ ] ^1 ^S^^V^ ^ (3^* 49) 

<269> ^flS^l 13<^1 ^-^ 2}-t}"# 6-#SS.^-6}ui-B-i^ 48 mgl: 9 ml^ ^^#^1 

^r°l , E^ofl^o]-^ 140 m g4 4-v\)^X]^^3_z])^ 290 mg^: 7H>^q-. ^ff-^^i 
«HH 24^1^^ #-§--§- *1 71 Jl 20ml ^ 7>*H ^-§-* "A ft 

0} ^T^ltf. ^7H£ I^AS 6# 4-nfl^- 

*1 51)^ 3 _2_S 51-^-1- 40 mg ^9X^. 

<2?o> 'HNMRCCDCIs) 60.51 (t, 1H), 0.97 (t, 3H), 1.15 (m, 1H) , 1.24(d, 6H), 

1.27(d 6H), 1.40 (m, 3H), 3.80 (m, 2H), 3.80 (s, 3H), 4.12 (d, 1H), 4.37 (d, 
1H), 4.68 (m, 2H), 4.78 (brs, 2H), 6.93 (m, 1H), 7.19 (m, 2H), 7.28 (m, 2H) , 
8.04 (s, 1H). 

<27i> o] °jo]X\ 3.^. 40 mg o_ ^a1^| i25f y o V ^* ^r3}*>^ €*Hr S 
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*H3J-W 25 mg * ^9X^. 

<272> X H NMR(MeOH-d4) 60.63 (t, 1H), 0.93 (t, 3H), 1.03 (m, 1H), 1.35 (m, 

1H), 1.38 (m, 2H), 3.20 (m, 1H), 3.70 (m, 1H), 3.89 (m, 2H), 4.24 (m, 1H), 
4.70 (m, 1H), 7.03 (d, 1H), 7.14 (m, 2H), 7.32 (m, 1H), 8.98 (s, 1H). 

<273> -g*H 15 




<275> [{( ± )-ci s-l-({2-o>nl ic-6-[ (4-q HSsfl ^ )-£ ]-9H-^-9-<|J }nfl H )-2- 
1M°lt£SSi}^l]1liiR>S] ^ 50) 

<276> ^lsofl l7ofl>H ^<>|^l 6-#5.S.^o>ui-B-£^ 48 mg-§- 9 ml 2} <*fl^-§: 

°fl ^f 0 l^, H^l^^^o] i40 mg :cf 4-qSiE]i3# 290 mg^r 7j-^^c}. ^ 
S£*HH 24Al^o]. tiV-g-g- 20ml^l #^g- 7j-«H uV-g-^- f^A^cf. 

fKM aflT^ch ^S^HS ^^.2.^ ^*fl*H t^I-xI^ 6«i 3*]7> 4- 

MHS.^1^E]^S. 32 mg -§r 
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<277> 1 H NMR(CDC1 3 ) 60.62 (t, 1H), 0.93 (m, 1H), 1.16 (d, 3H), 1.26(d, 6H), 

1.30(d, 6H), 1.36 (m, 1H), 3.79 (m, 1H), 3.92 (m, 1H), 3.98 (d, 1H), 4.38 
(d, 1H), 4.74 (m, 2H), 4.83 (brs, 2H), 7.79 (d, 2H), 8.05 (s, 1H), 8.22 (d, 
2H). 

<278> o] ojo^ sj.^ 32 mg -g; ^A^j 129]- wj-^ o. ^t^o} <&is}^ ^ 

*HWl- 20 mg * <£5^. 
<279> 1 H NMR(MeOH-d4) 60.67 (t, 1H), 1.05 (m, 1H), 1.13 (t, 3H), 1.38 (m, 

1H), 3.91 (m, 1H), 4.01 (m, 1H), 4.27 (m, 1H), 4.67 (m, 1H), 7.92 (d, 1H), 
8.33 (m, 2H), 9.17 (s, 1H). 

<280> -*3*H 16 




<282> 

(+)-trans-3-[ ({ l-[ (2-o>ol i^-9H-^^-9-^ )m ^]-2-Bfl ^a]-o] = )pfl 
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6). 

<283> 8<^1^ W# 600mg-g- l-Dfll-2-3i]#&)^^ 5mMl ^JI 60 ° C 

5. 7]-<l*>Jl 30-g- ^-91 ol tiV-§-#«H) HBl^l^^ (TEA) 0.58g A # 

£1- v^ji, ^-§-1-011 20ml ^ f^*lt! ^, ofl^oHlEflolHS 

^1^-^-1- 250 mg (24 % ^#)# <£tt4. 
<284> [a] D = (+)20.57(c=2.04 in CHC1 3 ) 

<285> 1 HNMR(CDC1 3 ) 60.52 (t, 1H), 1.16 (m, 1H), 1.17 (d, 3H), 1.20(s, 18H), 

1.41 (m 1H), 3.97 (m, 2H), 4.30 (q, 2H) , 4.00 (brs, 2H), 5.64 (m, 4H), 8.05 
(s, 1H), 8.69 (s, 1H). 

<286> ^*H1 17 
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<288> (+)-t rans-^l i{ [ ( o] ^S^a] X\ ] pfl ^ }( { l- [ (2-<>H ^_ 9H _ a* ^a-g- 
lD^in^-^Ii *H#iiL^5L€}^l )^ 7). 

<289> ^Al^l sofl^ ^oj^l sj.^ 0 .98g # 1-^1 € -2-2)1- 5mHl ^Ji 50 °C 

3. 7}^}JL 30^ iSti>Al^cf. ol aV-g-g-ofl E^ofligo}^ (TEA) 0.96g-4 # 

S.^.nH^ol^ SS .^^vilo] S 1.44g-i; i#JL 3^1 juaVAl^lcf . zl aV-g-l-^: 

20 °C5. iflslJl, *>-§-#°ll 20ml *#<H 3^*1 ofl ^o^l E fl h^. ^ 

^l^M S^l^l- 270 mg (16 % ^r#)# £^£h 
<290> [a] D = (+)20.48(c=1.14 in CHC1 3 ) 

<29i> 'HNMR^DCla) 60.49 (t, 1H), 1.15 (m, 1H), 1.16 (d, 3H), 1.29(m, 12H), 

1.45 (m 1H), 3.97 (dd, 1H), 4.05 (dd, 1H), 4.30 (q, 2H), 4.90 (m, 2H), 4.62 
(m, 4H), 8.05 (s, 1H), 8.69 (s, 1H). 
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18 




0 



o 



o 



(+)-t rans-3-{ [ ( l-{ [2-o\v\ 2t-6-( 4-^*1 5j] ^b] ^.)-9H-^^l9-^ ] *fl ^ }-2-^| 

-l_^-^^eilo}H (3W# 8) 
^Al<^l loflA^ (+)- ^-sj-oj^l 5)-^ 6-#SS^o>ia-n-£^l 48 mg# 9 

ml^ oii^ofl ^-o] j7 > B£H]Hol-n} 140 mg 2)- 4-^ a] E}_£.a.efl# 290 mg# 7>s> 
^cf. ^S£*HH 24^1 7} ^oj- tiV-g-^- 20m 1^1 7f*H a>o.^- ^ 

6H^- #<y-f^f-sH ^^tbcf. ^^HS 3*QSH ^^Vi^ 6 

oj o^*} sl-^# 40 mg -I- ^aHI 12<4 ^^*V h 0 >^# 5. 
-fr^l 32 mg 1: <*$34. 

ESI: 452 (M+l) + C18H22N505PS 

s)-^ 30 mg # -gAlofl 174 H o Vl 3* t^^M 3L*fl 

Sl-tJ-l- 15 mg # £&c]-(^-§- 20 %). 
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<299> [a]„= (+)13.75(c=2.36 in CHC1 3 ) 

ooo> 'HNMRCCDCla) 60.63 (t, 1H), 0.93 (t, 3H), 1.03 (m, 1H), 1.35 (m, 1H), 

1.38 (m, 2H), 3.20 (m, 1H), 3.70 (m, 1H), 3.89 (m, 2H), 4.24 (m, 1H), 4.70 
(m, 1H), 7.03 (d, 1H), 7.14 (m, 2H), 7.32 (m, 1H), 8.98 (s, 1H) . 3 ) 60.48 (t, 

1H), 1.12 (m, 1H), 1.13 (d, 3H), 1.19(m, 18H), 1.38 (m 1H), 3.84 (s, 3H), 

3.90 (dd, 1H), 3.98 (dd, 1H), 4.25 (q, 2H), 4.76 (brs, 2H), 5.62 (m, 4H), 
6.95 (d, 2H), 7.54 (d, 2H), 7.91 (s, 1H). 

> 

<301> ^*H1 19 




<303> ({[(±)-cis-[l-(6-^Mi^-9H-^^-9- , i)o(|^]-2-^^A>ol^n S .^}^.Al] 
illi^S) ^ 51) 

<304> ^lSoj) 12 6J|^ 50 mg * i2Sf <£m<$ 

40 mg « <3$m. 
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<305> X H NMR(MeOH-d4) 60.63 (t, 1H), 1.05 (m, 1H) , 1.10 (d, 3H), 1.32 (m, 

1H), 3.87 (dd, 1H), 4.03 (dd, 1H), 4.28 (d, 1H), 4.71 (d, 1H) , 8.37 (s, 1H), 
8.50 (s, 1H). 

<306> £ ^ofl nf^ J^#£: *><S M]S.^r°l HepG2.2.15 >*flX°fM n fl-f -f^r 

^(transgenic mouse HI tflsfl ^^^f^r^ ^-f ^Jl# 

<307> 1 

<308> B^ ^2.^x\*] B*§ HHej^(HBV) ^^Jl^ ^ £ ^ 

<309> (1) Afl3Ctifl«g= ^ ^=#^el 

<3io> B^ &<* ^*Kr ^li^^l HepG2.2.154^(M.A Shells et al . , 

P.N.A.S. 84, 1005(1987))* T-75 l-e^B.^ 10% FBS( Fetus bovine serum, 
GIBCO BRL, #16000-044), 1% ABAM(Ant ibiot ic-Ant imycot ic , GIBC0 BRL, #16000- 
028), 400ng/ml2] ^}^\ ^1 (genet icin, Sigma, #G-9516)* ^7>tr DMEMwfl*] (GIBC0 
BRL, #430-2200 )^°1H 3<^ ^ _o S 1:3 o] ^o] 5% C0 2 Hfl <#7l ofl X\ 37 ? 
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80-90%S. 2% FBS, 1% ABAM, 400jMg/m*sl ^Hl^Aj-g. 5.^-^- DMEM tifl*]200 

fd3- ^H 1 ^ 4^- 100yMolH-^Ei 5tifl^ 0.16 

^El^nf. zv ^#^5. 2-35]^ ^1- ^ ^.SL*>* ^sHfHStf. 

PCRCPolymerase Chain Reaction)^: ^f-tsfl ^-§-<>fl sJtb «H^^ 

<3I1> (2) <$#^ Afli^ 2:A> 

<3i2> 10«J*IN tifl^l 100M1- ^r^jt 7.5mg/m^ MTTCThiazolyl Blue 

Tetrazolium Broide, Amresco, #0793-5G) -§-^-§: 30fd A A A 7>S>ZL 37 ?, 5% 

CO 2 afl^HH 2Al^> Bfl^SH ^Afl^tf. _g_ofl.g. ^ ^ 1Q% TritQn X _ 100; 

0.4/^ *ltb ^<L># i^-*b ol^H^.^ -g-op-g. 120/^/^ 7>*>J1 2^1 ?i -§-o> 
^s.o^ ^xfl^ Afllf i-c^ojtj.. <t5|o]^> elt-KElisa Reader)^. 540nm<Hl^ ^ 

<3.3> (3) PCR^: -S-tb w>ol^ ^-^ j^o] 

<3I4> Al^. ^ * 10<H*1| afl^-i: °1 «>°1^^ 

^Ml *J*fl &^^>^cf. zj- ^eltb >*fli^ «fl f^S- lOtifl 

95 TC°H>H 15£-# i#<^ ^]JE» 4*1 ^ 4^ ^€ B^ # 
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^ *8"€ -fr&xW l-eH^Ml -R-#*l- 2319*] ^7|a^ <%*)m. zjz}- 5- ^ 

uj- as^ololsf 3' ^ A>-g-^o^ ot 320bp^l -fr^*} ^#°] PCR^l sl*fl 

<3I5> -f^i ^lS-fr B^ ?J<* v}o]z\+ 4i ufl^^* «£^r3-°S 5] 

PCRS. ^#Al^cf. DNA1- 2% o)-7>S.^^o1]a^| *}7l<^*V ^ oflE)-^ 

ti.5.n>o]c( EtBr) ethidium bromide)^. ^^*>^ ^^t^ a] ^(Digital 

Imaging System)^ IS-1000C Innotech Scientific Corporat ion)-° 5. ^s^cf. *\ 
^(linear) ^&&7\)7} ^fJ*Hr *fl^(di lut ion fold)* ^-g^c*] 

* ^Sltt ^15. Hfl<#oflo} ^ofl ^<g^- PCR *£«H1 S]S><*) ^ 

^■5"^ DNA1- 2% o}7}S.Z,2]HH ^ ^.S-nl-olc^ ^Afl^o^ IS _ 

1000^.5. ^-^ji B^ ?±<g w>oie^ ^ 3^ aIs* tfl 
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IS. 5] 





ECsoC yM) in HBV 


CCso( pM) in HepG2.2.15 


1 


0.05 


>1000 


2 


1.0 


>1000 


12 


0.06 


>1000 


13 


>10 


>1000 


34 


>10.0 


>1000 


41 


>40.0 


>1000 


45 


>40.0 


>1000 


46 


1.2 


>1000 


47 


>30.0 


>1000 


48 


>30.0 


>1000 


49 


>0.2 


>1000 


44 


>10.0 


>1000 


50 


>40.0 


>1000 


51 


>40.0 


>1000 



<3i7> s&7] & 5^ <£ ^ 5U^°1 , AAQ (enantiomer) ^ 

cfolo^Bflefl^ol-ol^^ (diastereoisomer)^r e^*l|(^-*l 

2-1^)3*13] oi &7} 3. ^ol7> 9X^, 5)2) (+)-trans- 
^Vol^^ (enantiomer)7> nfl-f -^*V otj-^ j^o^ojcf. 



<3I8> ^"^^] 2 

<3i9> ^ (Transgenic mouse: T/G mouse HH^l SfjL-Stl 
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<320> 3)^> £ ^SL3- ^5)<£V\. 

<32i> FVB strain * r -T-^5.-r-El Jone D. Morrey, Kevin W. Bailey, 

Brent E. Korba, Robert W. Sidwell, "Utilization of transgenic mice 
replicating high levels of hepatitis B virus for antiviral evaluation of 
lamivudine" Antiviral research, 1999, 42, 97-108H1 7]z]\£\ aj-e}- <g<>|*] 

4-5 ^€ HBV 1<£ lsM lOmg/kg/dayS 9<£& ^ ^ i+ , 

10, 2, 0.4mg/kg/day£l <£°.3. 9<H?J: ^^^4 (#3*r <r3l* ^3. 

^Mf^l SL^ ^7} #\+ 3 3 2] -5I5HH *fl^*H 5/^^ 2|^> 
514-. °1 H^IH 15m£^ Genere leaser sol# ^7>*>J1 zj-zj cJ-=. ^£0^ 
7lxr 43 * ^-*H HBV DNA» ^r^W. 4^£) 10 x (Perk in 

Elmer), 0.8frt£\ lOmM dNTP, 500ng^ 1<HH *>-g-3r HBV H-t^H , 2,125mM 

4 MgCl 2 , DMS0 ^ Taq l-sH^Ml* ^7>*H, PCR(Polymerase Chain Reaction)^. 

#-^1^4. ^71^-g: A>-g-*H hbv DNA^-g: ^^S.^ <HH 
SL 64M ^JL^-^ HBV DNA7> ^ ^-r-» ^Br^tf. 
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IS. 6] 



sWI- Sis 


^^(mg/kg/day) 






2 


10 


4/4 




6 


1 


5/5 




7 


1 


5/5 




8 


1 


2/5 
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1] 

1] 



q-Ej-vfl^q-, C 2 -C 7 -<>H=L C 6 -C 12 -^l-^ SE^r ^1^71M- al*]^ 7^51^-8- M- 
E^^M-, -(CH 2 )m-0C(=0)-R 4 # M-^tflo^, c) 7 ]x) m £ i tflx} 12^ r 4 

Ci-Cia-^, Ca-C?-^^, C1-C5 -° S V ^M , d-Cy-M^l^, ^ (d-Cy-M)*}*! 




^"71 



R^r C1-C7 0 M°U, 
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X 1 , X 2 , X 3 ^ X 4 ^ ^-zj- -ij-^jLjS. ^n]^, §>ol=^-Al ^-3.31 

Y 1 . N-|- 

<*|7HH n ^ 1 iE^r 2^ ^°H, Y* 0, CH 2 SE^r N-R (R £ Ci-Cr-^ iE^r 
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[3^8- 2] 
3] 

±, Ci-C^^l, SE^r tfO^AH <>}«fl *|#5)7m al^l^ Ci-C rt^i M-^iflTl 
-(CH 2 )m-0C(=0)-R 4 H-eHM, 0J7H m i vfl^l 12^ R " Cr* 

C12-M, OrCy-^^, Ci-Cs-W^l. C i-C7-^°>t>llc, ^(Ci-C7-M)^l^, 



6>Dl^# M-Bl-tfl^ ^1-. 
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4] 



[S la] 



H ' °~V™r- (+)-trans-*^<>l^^aJ| (enantiomer) 
o" 




R 1 


R 2 & R 3 


X 1 


X 2 


i 


CH 3 


H 


OH 


NH 2 


2 


CH 3 


H 


H 


NH 2 


o 


CH 3 


IT 

H 


NH 2 


H 


4 


CH 3 


H 


s -O~ 0Me 


NH 2 
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